In this research, a novel wide-band microstrip antenna for wideband applications is proposed. The proposed antenna consists of a square radiating patch and a partial ground plane with a smal rectangular notch-shape. Two symmetrical U-slots are etched in radiating patch. The defected microstrip U-shapes and the small notch improve the antenna characterestics such impedance wideband and the gain along the transmission area. The proposed antenna is simulated on an FR4 substrate of a dielectric constant of 4.3, thickness 1.6 mm, permittivity 4.4, and loss tangent 0.018. The simulation and optimization results are carried out using CST software.The antenna topology occupies an area of 30x40x0.8 mm 3 or about 0.629λgx0.839λgx0.017λg at 3 GHz (the centerresonance frequency). The antenna covers the range of 2.1711 to 4.0531 GHz, which meet the requirements of the wireless local area network (WLAN), worldwide interoperability for microwave access (WiMAX) and LTE (Long Term Evolution) band applications. Good VSWR, return loss and radiation pattern characteristics are obtained in the frequency band of interest. The obtained Simulation results for this antenna depict that it exhibits good radiation behavior within the transmission frequency range.
Introduction
Current revolution in Telecommunication and Electronic filed has a lot of challenges including design and development of a small size, high efficiency, and low cost antenna for used in large field in telecommunication such as wireless local area network (WLAN), world wide inter-operability for microwave access (WiMAX), satellite communication, and space craft [1] . Having variety of beneficial properties i.e. mechanical durability, conformability, low cross polarized radiation patterns and economical fabrication; microstrip patch antennas became renowned in wireless communication systems [2] . The development of antenna for wireless communication system also requires an antenna with multi operating frequency, this is mainly due to the various wireless communication system operate using various frequency and hence the multi band antenna can be used in the same time for different application at the same time [3] .
LTE (Long Term Evolution) is the project related to high performance air interface for mobile telephony. LTE is the latest new technology that ensures competitive edge over existing standards: GSM, UMTS, etc. It improves user experience with full mobility. LTE minimizes the system and user-equipment complexities. Several designsof different antennashave been proposed and published for wireless communication system such as WLAN, LTE and WiMAX applications [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The most important drawback of microstrip antennas is narrow bandwidth. Maximum 8% bandwidth is available with classical microstrip antennas. To overcome this drawback, several methods have been devised by researchers [21] [22] [23] [24] [25] [26] [27] [28] [29] . Extensive research and development of microstrip patch antenna was done. In [30] a broadband stacked U-slot microstrip patch antenna is presented. The single U slot is used based on circuit theory concept to provide dual-band broadband characteristics, the bandwidth enhancement by 33.52% by inserting U-slot in the patch. In [31] a Broadband high gain microstrip patch antenna using slot is proposed. Double U-slot in the patch is used and the dual band characteristic is obtained. The antenna has 37% impedance bandwidth. In [32] design of a broadband printed microstrip antenna for WLAN and WiMAX application is presented, which a two parasitic elements are printed in the ground plane, this provide a good performance of the antenna. In [31] a novel dual band antenna with two U-shaped slots is presented. By using two slots the dual band characteristics are obtained. The bandwidth of the antenna was enhancement by using tow L-shaped in the ground plane this antenna is suitable for WLAN and WiMAX applications.
This letter focuses on a square monopole antenna for bandwidth applications, which combines the square-patch approach with etched defected microstrip U-shape, and the partial ground plane with an inserted shape. The antenna condidat achieves a fractional bandwidth of more than 60.4%. Also by using two DMS-U slots [32] and the back-ground notch, a bandwidth performance has been realised. The moification of the U-DMS-arms as well as of the dimensions of the notch allows a control of the wide of the bandwidth and of the gain factor.
The proposed antenna occupies a compact size of 30 × 40 × 0.8 mm 3 , and the impedance bandwidth of the designed antenna is higher than the UWB antennas reported recently [33] [34] [35] [36] . Good S 11 -s cattering, VSWR and radiation pattern features are obtained in the frequency band of interest. Simulated results are presented to validate the usefulness of the proposed antenna topology for wireless communication technologies
Antenna Design
The proposed antenna is designed using FR4 as substrate which has a relative permittivity of 4.3. The dimensions of the antenna are 30x40x0.8 mm 3 . The patch is easily fed using a 50Ω microstrip feed line. A rectangular radiation patch with a U-shaped slot is used on the top face of the substrate. In order to enhance bandwidth and to create extra bands more than in [34] , the position, thickness, and length of the double U-shaped slots are properly adjusted. The partial ground plane is used to enhance the bandwidth of the proposed antenna. Figure 1 shows the dimensions of the proposed antenna, and Table 1 include the value of each dimension. 
Results and Analysis 3.1. Current Distribution
In order to understand the behavior of the bands characteristics, the simulated current distribution of the proposed antenna at each resonant frequency are shown in Figure 2 . The current distribution at 2.45 GHz is shown in Figure 2 (a), at 2.6 GHz is shown in Figure 2 (b), and at 3.69 GHz is shown in Figure 2 shows that the current is mainly concentrated at the gap between the two U shaped slots above the feed line. At 2.60 GHz, Figure 2 (b) shows that the current is mainly concentrated at the gap between the two U shaped slots at the upper side, and also around the lower U shaped slots. At 3.69 GHz, Figure 2 (c) shows that the current is concentrated at the upper and lower gaps between the two U shapedslots.
Parametric Analysis
The important criteria in the design of the desiered Wide-abnd antenna are to control the center frequency of each band. In this parametric study, the the parameters with dominant effect on the performance of the antenna are invistgated. Figure 3 (a) shows the simulated return loss of the proposed antenna for different widths of g, which represents the width of the gap. The width of the gap which is introduced in the ground plane affects each resonant frequency at 2.45, 2.60, and 3.69 GHz which can increase or decrease the S11 magnitude in dB. It also makes resonant frequency at 3.69 GHz to be shifted, as shown in Figure 3 (a). Figure 3 (b) shows the simulated return loss of the proposed antenna for various W1. It can be seen that the length of W1 affects the resonant frequency at 2.60 GHz, while there is a little effect at the resonant frequency at 2.4 GHz which is agrees with the current distribution at Figure 2 (b). Figure 4 (a) shows the simulated return loss of the proposed antenna for various W2. It can be seen that the length of W2 affects the resonant frequency at 2.45 GHz, while there is a little effect at 2.60 GHz which agrees with current distribution at Figure 2 (a) . Slotted shape, as called quasi defected ground structure (QDGS) or ground notch can be realised by etching off a simple geometric form in the partial ground plane.
The notch topology can take diffrentformes such half circle, quasi arrowhead or rectangulare. Analog to DMS and DGS, the slot (QDGS) in a ground plane excited by the microstrip line works as an evanescent mode waveguide section. Combined with the coupling capacitor between the microstrip and the slot, the DGS produces a band-reject resonance. The improvement of reject-as well as accept-band and thus the increasing of the impedance widthband, due to the QDGS placed in the partial ground plane can be explained by the effect of QDGS on the feld distribution [37, 38] . An etched defect disturbs the shield current distribution in the ground plane. This disturbance can change characteristics of a transmission line such as line capacitance and inductance. This gives rise to an increase the effective capacitance and inductance of a transmission line, respectively.The QDGS slot is modeled by a parallel LC resonant circuit. Briefly, based on investigated simulation, it can be shown that a ground slot incorporated under the 50 ohm microstrip feed line can used to perturb an additional resonance at higher frequencies and increase the bandwidth without affecting much the performance of the antenna.
In order to enhance the performance of the antenna, a gap is introduced in the ground plane, as shown in Figure 1(b) . The effect of this gap is studied on the return loss of the proposed antenna as shown in Figure 4 (b) . As noticed from Figure 4 (b) , the return loss of the proposed antenna is enhanced by using this gap in the ground plane of the antenna. Table 2 below shows a comparison between the return loss of the antenna before and after the use of this gap. 
Results and Discussion
The simulated results are done by using Computer Simulation Technology (CST). Figure 5 (a) shows the simulated S 11 curve against frequency. The proposed antenna has triple operating frequencies with the central frequency of 2.45, 2.60, and 3.69 GHz. Figure 5 (a) also shows the bandwidth of the proposed antenna. The Fractional Bandwidth (FBW): is the ratio of the difference of the upper and lower frequencies of acceptable operation to the center frequency of the band multiplied by 100. Figure 5 (b) shows the VSWR of the proposed antenna. VSWR is a measure of how well matched an antenna is to the cable impedance. A perfectly matched antenna would have a VSWR of 1:1. As noticed from Figure 5 (b The radiation pattern of the proposed antenna is simulated using CST software. Figure 6 shows the radiation patterns of the proposed antenna in the E-plane and H-plane at the frequencies of 2.45 GHz, 2.60 GHz, and 3.69 GHZ respectively. As shown in figure 6 , the antennahasa bi-directional radiation at E-plane and H-plane. The measured directivity of the proposed antenna at the frequencies 2.45 GHz, 2.60 GHz, and 3.69 GHz are 2.45 dBi, 2.55 dBi, and 4.24 dBi respectively. Hence, the proposed antenna can provide sufficient gain and stable radiation patterns, which make it suitable and preferred for various wireless communication systems. Table 3 introduces a comparison between the proposed antenna and other related works in terms of size, relative permittivity, bandwidth and operating frequency. 
Conclusion
A novel compact monopole antenna with wide bandwidth features is presented in this work. The operating frequency range of the proposed topology satisfies the 10-dB return loss requirement from 2.1711 to 4.0531 GHz. In order to improve the impedance bandwidth and radiation characteristics of the investigated antenna, U defected microstrip shapes and a small notch are etched on radiating patch and on partial ground plane respectively. The proposed antenna is simulated on the FR4 substrate with a compact area of 30x40x0.8 mm 3 .
The modification of the arm-length of U-shaped slot on the radiating patch and the variation of 1699 the dimension of the added notch on the partial ground plane, lead to an improvement in impedance widthband and in gain of the antenna structure. The topology of the proposed antenna is compact and is easy to design. Good VSWR and radiation pattern characteristics are obtained in the frequency band of interest. Simulation results depict that the proposed antenna could be a good candidate for WLAN, LTE and WiMAX applications.
